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Objective: To evaluate the performance of the Rapid ID 32 Strep system in the hands of clinical microbiologists without 
expert knowledge of streptococci or enterococci. 
Methods: One hundred and twenty-two strains of streptococci and enterococci conventionally identified in a reference 
laboratory were sent under code numbers to a clinical microbiology laboratory and identified with the Rapid ID 32 Strep 
system. 
Results: Regardless of whether automatic reading and identification or visual reading with identification using tables 
were done, 7 5 7 7 %  of the 122 examined strains were correctly identified, 7% were misidentified and 16-18% could not 
be identified with certainty to the species level. The system correctly identified the majority of the examined pyogenic 
streptococci and enterococci, but only two-thirds of the viridans streptococcal strains. 
Conclusions: In a routine laboratory, the Rapid ID 32 Strep system can be used to give a rapid preliminary identification 
of streptococci and enterococci, but with viridans streptococci one would have to accept a certain risk of mis- 
identification. The assay can, however, be used to biotype viridans streptococci in order to attempt to establish identity 
between separate isolates, e.g. from blood in patients suspected of having endocarditis. 
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INTRODUCTION 
Conventional identification of streptococci and entero- 
cocci, especially of the viridans streptococci, often takes 
a week to perform and often requires special bio- 
chemical tests and sera besides experience within the 
field. Furthermore, the streptococcal and enterococcal 
nomenclature has changed markedly within the last 15 
years [1,2], leaving the clinical microbiology laboratory 
with a substantial problem with regard to identification 
of these species. 
Several commercial kits offer rapid and fairly easily 
performed assays for identification of streptococcal and 
enterococcal isolates. The agreement between the 
results of conventional identification systems and 
commercial kits has, however, often been lacking [3]. 
The purpose of this study was, therefore, to evaluate 
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the performance of the Rapid ID 32 Strep system 
(bioMerikux, Lyon, France) in the hands of clinical 
microbiologists without expert knowledge of strepto- 
cocci and related genera. 
MATERIALS AND METHODS 
Organisms 
The 122 strains examined in this study are shown in 
Table 1. The majority of the strains were isolated from 
blood and received during 1996 for species identi- 
fication or typing in the Streptococcus Unit, Statens 
Serum Institut (SSI), which serves as a national 
Streptococcus and Enterococcus reference center. These 
isolates were supplemented with strains from culture 
collections, including type strains. Finally, the four 
control strains recommended by the manufacturer were 
also included [4]. The strains were sent from the Strepto- 
coccus Unit to the Clinical Microbiology Laboratory 
under code numbers, so that the investigators were 
blinded with respect to the result of the conventional 
identification. 
Identification and interpretation 
All strains had previously been identified in the 
Streptococcus Unit by conventional biochemical and 
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Table 1 Strains included in the study 
Number Reference clinical 
Organisms tested strains" strains 
F'yogenic streptococci 
Streptococcus agalactiae 5 1 (NCTC 9993) 4 
S. dysgalactiae subsp. dysgalactiaeb 5 1 (NCTC 10238) 4 
S. dysgalactiae subsp. equisimilis 5 1 (NTCT 5370) 4 
S. equi zooepidemicus 5 5 
S. pyogenes 5 3 (NCTC 8198) 4 
S. uberis 3 2 (NCDO 2018), (NCDO 2055) 1 
S.  suis 5 1 (NCTC 10234, ATCC 43765) 4 
S. pneumoniae 5 5 
S. equi equi 1 1 (CIP 102910, ATCC 33398)',d 
Viridans streptococci 
S.  gordonii 
S.  mitis 
S.  oralis 
S.  sanguis 
S .  anginosus 
S.  cowtellatus 
S.  intemedius 
3 
5 
4 
s. bovis 6 
S. mutans 
S. sacckarolyticus 
S.  salivarius 
S.  vestibularis 
Enterococci 
Enterococcus avium 
E .  casse/@vus 
E .  durans 
E .  faecalis 
E .  faecium 
E .  gallinarum 
E. hirae 
E .  mundtii 
Other Gram-positive cocci 
Abiotrophia spp. 
Lactococcus ladis 
Leuconostoc spp. 
1 (NTCT 7868) 
1 (NCTC 7864, ATCC 10557) 
1 (NCTC 8177)d 
1 (CIP 103246, ATCC 430715)'~ 
1 (NCTC 8606, ATCC 27945) 
1 (CIP 103363, NCTC 12166, ATCC 49124)',d 
1 (NCTC 9938, ATCC 14025)d 
1 (NCTC 8307, ATCC 19432)d 
1 (CIP 103692, NCDO 2311, ATCC 49608)' 
1 
2 1 (NCDO 605) 
2 1 (NCTC 10817) 
Total 122 19 103 
"NCTC, National Collection of Type Cultures, London, UK; ATCC, American Type Culture Collection, Rockville, Maryland, USA; 
CIF', Collection de 1'Institut Pasteur, Paris, France; NCDO, National Collection of Dairy Organisms, Reading, UK. 
bAlso named Streptococcus of group L. 
'Control strains. 
dDenotes type strain. 
serologic methods [1,5-81. For five strains, where the 
results of the Rapid ID 32 Strep raised uncertainty with 
regard to the correct identification, a second opinion 
was established by sending the strains to the Streptococcus 
reference laboratory (Androulla Efstratiou) at PHLS in 
Colindale, UK. For this study, the identifications thus 
obtained were regarded as the final correct identifica- 
tions of the strains. 
Testing of the Rapid ID 32 Strep system was done 
at the Department of Clinical Microbiolog, SSI, by 
two clinical microbiologists without expert knowledge 
of streptococci, and was performed according to the 
manufacturer's instructions [4]. Bacteria were cultivated 
on Columbia Sheep Agar (SSI) and incubated aero- 
bically with 5% C02 for 18-24 h at 35-37°C. The 32 
wells of the plastic strip were inoculated with suspended 
colonies, and after 4 h of incubation at 34-37"C, 
supplementing reagents were added and the reactions 
read. Identification of the isolates were carried out in 
two different ways: (1) automatic reading by the ATB 
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system with numerical identification obtained by the 
manufacturer’s software using the Rapid ID 32 Strep 
Vl .  1 database; and (2) visual reading with identification 
using the identification table provided with the system 
(also V1.l). 
The biochemical pattern obtained by automatic 
readings was analyzed using the manufacturer’s software 
for automatic identification and resulted in an overall 
descriptive epithet and from one to five suggested 
species. If the analysis only suggested a single species 
with the epithet ‘Excellent’, ‘Very good’, ‘Good’ or 
‘Acceptable’, this species was chosen as the final 
identification. If the identification resulted in the 
epithet ‘Doubtful profile’ and the suggested species was 
either Streptococcus pneumoniae, Leuconostoc spp., Entero- 
coccus gallinavum or E .  casselijlaous, appropriate supple- 
mentary test(s), easily performed in a routine clinical 
microbiology laboratory (susceptibility to optochin and 
vancomycin, motility and pigmentation), were done in 
an attempt to establish the diagnosis. If two or more 
taxa were suggested, and one was either of the above 
mentioned, the same supplementary test(s) were done. 
No further tests were done if the differential diagnosis 
was between S. mitis, S. ovalis and S. sanguis, or between 
S. dysgalactiae subsp. dysgalactiae and S. dysgalactiae subsp. 
equisimilis, on the assumption that no test easily 
performed in a routine clinical microbiology laboratory 
could resolve the matter. If no final identification was 
achieved, a new culture was made and a new test was 
done. The result of the repeated testing was used as the 
final identification. 
If the pattern obtained by visual reading and use of 
identification table corresponded well with one species, 
i.e. no more than one false-positive reaction and no 
more than two to four false-negative reactions with a 
cut-off value of 9596, this taxon was chosen as the final 
diagnosis. If two or more taxa fulfilled this, and one was 
either S. pneumoniae, Leuconostor spp., E. gallinamrn or 
E .  casselijlatw, appropriate supplementary tests were done, 
as listed above. If the differential diagnosis was between 
S. mitis, S. oralis and S. sanguis or between S. dysgalactiae 
subsp. dysgalactiae and S. dysgalactiae subsp. equisimilis, no 
further tests were performed. If no final identification 
could be made, a new test was done. The result of the 
repeated testing was used as the final identification. The 
visual readings and identifications were done without 
knowledge of the results of the automatic readings. 
Reproducibility 
To examine the reproducibility of the biochemical 
reactions on the strip, 20 of the included strains, all of 
different species, were examined twice on different 
days. Both automatic and visual readings of the strips 
were performed. 
RESULTS 
Automatic reading and identification (Table 2) 
O f  the 122 examined strains, 88 were identified with 
epithets of ‘Acceptable’ or better (see Material and 
Methods); of these, 80 were correctly identified, while 
eight were misidentified. The risk of misidentification 
within this group was related to the epithets, as one of 
36 with ‘Excellent identification’, three of 30 with 
‘Very good identification’, three of 19 with ‘Good 
identification’ and one of three with ‘Acceptable 
identification’ were misidentified (p<0.05, chi-square 
test-for-trend) . 
Supplementary tests performed on 26 strains 
achieved final correct identification of 13 additional 
strains. Results of the optochin test identified the five 
pneumococci and confirmed one strain as S. sanpis.  
In six instances, motility and color of colonies dis- 
criminated between E .  faecium, E .  gallinarum and 
E.  casselijavus or confirmed an identification of 
E. casselijlavus with a an epithet of ‘Doubtful profile’ 
(see below). Finally, resistance to vancomycin identified 
one Leuconostoc species. 
In seven instances, a single species was identified 
with the epithet ‘Doubtful profile’. The identification 
turned out to be correct in six cases; in two of these, 
both E. rasselijlatlus, identifications were confirmed by 
supplementary tests, leaving four strains identified 
correctly with the epithet ‘Doubtful profile’. One 
strain of S. mutans was incorrectly identified as S. mitis 
and subsequently listed as ‘Misidentified’ in Table 2. 
Thirteen strains could be identified only to the genus 
level (‘Low discrimination between two or more 
species’), as neither the biochemical reactions on the 
strip nor the supplementary tests used could discriminate 
between two or more suggested species. In all 13 cases, 
the correct identification was one of the suggested 
possibilities. 
Nine strains were misidentified, eight with the 
epithet ‘Acceptable’ or better and one with ‘Doubtful 
profile’. For three strains, no identifications were given 
by the system: one strain of E. avium and two strains of 
S. gordonii. 
Visual reading and identification by tables (Table 3) 
Ofthe  122 examined strains, 91 were initially identified 
to the species level based on the biochemical tests alone; 
of these, 83 were correctly identified, while eight were 
misidentified. For one isolate of E. a t i u m ,  attempts at  
identification had to be given up. For the remaining 30 
strains, discrimination between two or more species 
could not be achieved without further tests. Supple- 
mentary tests correctly identified nine of these strains. 
In 20 of the remaining 21 cases, the correct identi- 
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Table 2 Automatic reading and identification using the Rapid ID 32 Strep system 
Correct identification 
After Low discrimination 
Conventional Number supplementary Doubtful between two No 
identification of strains Directly tests profile or more species Misidentified identification 
Pyogenic streptococci 
S. agalactiae 
S. dysgalactiae subsp. 
dysgalactiae 
S. dysgalactiae subsp. 
equisimiiis 
S. equi equi 
S. equi zooepidemicus 
S. pyogenes 
S. uberis 
S. suis 
S. pneunzoniae 
Viridans streptococci 
S. gordonii 
S. mitis 
S. oralis 
S. sanguis 
S. anginosus 
S. constellatus 
S. intermedius 
S. 6ovis 
S. mutans 
S. saccharolyticus 
S. saliuarius 
S. vesti6ularic 
Enterococci 
E. avium 
E. cacseliflaous 
E. durans 
E. faecalis 
E. jbecium 
E. gallinarum 
E. hirae 
E. mundtii 
Other Gram-positive cocci 
Abiotrophia spp. 
Lactococcus lactis 
Leuconostoc spp. 
Total 
29 
5 
5 
5 
1 
5 
5 
3 
5 
5 
51 
5 
5 
5 
6 
3 
5 
4 
6 
4 
1 
6 
1 
17 
5 
4 
3 
5 
5 
2 
1 
5 
1 
2 
7 ” 
3 .. 
122 
25 (86%) 
5 
1 
5 
1 
5 
5 
3 
4 (80%) 
30 (59%) 
3 
3 
1 
3 
4 
2 
6 
2 
1 
2 
1 
7 ” 
17 (63%) 
3 
2 
3 
5 
2 
1 
1 
4 (80%) 
1 
2 
1 
80 (66%) 
5 (100%) 
1(2%) 2 (4%) 
1 
1 
1 
6 (22%) 2 (7%) 
1 
2 
4 (14%) 
4 
1 (20%) 
9 (18%) 7 (14%) 
3 
1 1 
2 ” 7 
1 
2 
1 
1 (4%) 
2 (4%) 
2 
1 (4%) 
1 
3 
1 
1 
1 (20%) 
1 
13 (11%) 4 (3%) 13 (11%) 9 (7%) 3 (2%) 
fication was one of the considered possibilities (‘Low 
discrimination between two or more species’). The last 
strain, an S. sanguis strain, was mistakenly considered to 
be either S. oralis or S. rnitis. Thus, nine strains were 
misidentified, the eight initially incorrectly identified 
to the species level plus the above mentioned S. sanguis. 
Reliability of identifications 
Overall, 75-77% of the examined strains were correctly 
identified, either directly or with supplementary tests, 
and 7% were misidentified. For the remaining 1616% 
of the strains, doubt existed about the correct 
identification (‘Doubtful profile’, ‘Low dwrimination’ 
or ‘No identification’). 
The 29 strains of pyogenic streptococci were, as 
a group, identified satisfactorily, as 25 (86%) were 
correctly identified by automatic readings and 24 (83%) 
by visual readings (Tables 2 and 3) Four of five strains 
of S. dysgalactiae subsp. dysgalactiae could not be 
discriminated from S. dysgalactiae subsp. eqtrisirnilis either 
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Table 3 Visual reading and identification by tables using the Rapid ID 31 Strep system 
Conventional 
identification 
Correct identification 
After Low discrimination 
Number supplementary between two No 
of strains Directly tests or more species Misidentified identification 
Pyogenic streptococci 
S. agaiactiae 
S. dysplactiae subsp. 
S. dysplactiae subsp. 
S. equi equi 
S. equi zooepidemicus 
S. pyoxenes 
S. lrberis 
dysgalactiae 
eqlricimilis 
S. suis 
S. pneumotriae 
Viridans streptococci 
S. yordonii 
S. mitis 
S. oralis 
S. sanpis 
S. anginosus 
s. coustellatus 
S. intermedins 
S. botis 
S. mntau.7 
S. saccharolytictts 
S. saliiarilrs 
S. vestibularis 
Entrrococci 
E. avium 
E. iacsel(flpavus 
E. durans 
E .  faecalis 
E. faecium 
E.  gallinarum 
E. hirae 
E.  mundtii 
Other Gram-positive cocci 
.4biotrophia spp. 
Lactococcus laitis 
Leuconostoc spp. 
Total 
29 
5 
5 
5 
1 
5 
5 
3 
5 
5 
51 
5 
5 
5 
6 
3 
5 
4 
6 
4 
1 
6 
1 
27 
5 
4 
3 
5 
5 
2 
2 
1 
5 
1 
2 
2 
122 
24 (83%) 
5 
1 
5 
1 
4 
5 
3 
4 (80%) 
5 (100%) 
30 (59%) 
1 
1 
1 
3 
3 
5 
1 
6 
7 - 
1 
5 
1 
20 (74%) 4 (15%) 
4 
4 
3 
5 
1 
1 
2 
3 
1 
5 (100%) 
I 
2 
3 
83 (68%) 9 (7%) 
5 (17%) 
4 
1 
1 (20%) 
15 (29%) 
3 
4 
4 
2 
6 (12%) 
1 
1 
1 
7 
1 
1 
2 (7%) 1 (4Y") 
1 
20 (16%) 9 (7%) 1 (l"%) 
automatically or visually. In addition, a single strain of 
S. eqiri zooepidemicus could not be discriminated from 
S. dysgalactiae ssp. visually (Table 3) .  One of five strains 
of S. siiis was misidentified as S. boilis 11 by both 
methods of identification. None of five strains of S. 
pnetrnioriiae could be identified directly, but had to be 
differentiated from S. oralis, S .  mitis and S. sarlguis by 
their susceptibility to optochin. 
When viridans streptococci were taken as a group, 
identification was not satisfactory: of 5 1 strains, only 33 
(65%) were correctly identified to the species level by 
automatic reading, and 30 (59%) by visual readings. 
The misidentified isolates belonged to a wide range of 
species (Tables 2 and 3) .  For a relatively large number 
of the viridans strains, nine (1 8%) by automatic reading 
and 15 (29%) by visual reading, the reactions did not 
allow discrimination between two or more species. 
We found the discriminatory problems to be mainly 
confined to the S. rnitis group (S .  gordonii, S. mitis, 
S. oralis and S. satguis). Of the 21 strains in the S. mitis 
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group (excluding S. pneumoniae), only 48% were 
identified correctly to the species level by automatic 
readings and 29% by visual readings. 
The 27 Enterococcus strains were, as a group, 
identified satisfactorily both automatically and visually, 
as 25 (93%) and 24 strains (89%), respectively, were 
identified correctly (Tables 2 and 3). For one strain of 
E. avium, no final identification could be made either 
automatically or visually. The two misidentified strains 
were E. mundtii and E. faecium, the latter only being 
misidentified by the visual readings. E.  mundtii is not 
contained in version 1.1 of the Rapid ID 32 Strep 
database, and differs from the suggested E. casselijlavus 
mainly by being non-motile. 
Reproducibility of readings 
Twenty strains were tested twice with the 32 
biochemical reactions on the strip, resulting in 640 
reactions being read on each day. The automatic 
readings of a biochemical test done on the same isolate 
on two days were identically negative or positive on 
both days in 606 of 639 cases (94.8%), inconclusive in 
one of the readings in 23 cases (3.6%), and discrepant 
(positive on first and negative on second realng or vice 
versa) in 10 cases (1.6%). The visual readings on the 
two days were identical in 605 of 639 cases (94.7%), 
inconclusive in 30 cases (4.7%), and discrepant in four 
cases (0.6%). The visual and the automatic readings on 
the first day were in good agreement, as the readings 
were identical in 604 cases (94.4%), inconclusive in 31 
cases (4.8%) and discrepant in five cases (0.8%). 
DISCUSSION 
It is evident that the Rapid ID 32 Strep system in this 
study performed satisfactorily for the pyogenic 
streptococci and for the most commonly encountered 
enterococci, as previously suggested [9,10]. These are, 
however, areas of identification which are not usually 
problematic in the routine clinical microbiology 
laboratory. With a few conventional tests, E. faecalis and 
E. faecium can be identified reliably overnight, and the 
pyogenic streptococci are serogrouped easily with 
commercial kits, rarely necessitating further identi- 
fication. The fact that the system fails to identify 
S. pneumoniae directly, a finding also made by others 
[lo], does not present a problem, as pneumococci in 
the routine laboratory will be identified by their colony 
morphology and optochin susceptibility rather than by 
commercial identification systems. 
It is in the area where a rapid and correct 
identification by commercial systems is most needed, 
i.e. the viridans streptococci, that the Rapid ID 32 
Strep system has its main problem. As has been found 
by others [11,12] and as seen in this study, the 
misidentifications and low discriminations between 
two or more species occurred frequently among the 
species of viridans streptococci most commonly 
encountered in the clinical microbiology laboratory. 
Actually, isolates of the S. mitis group constituted nearly 
half of the viridans strains isolated from cases of 
bacteremia received for identification at the national 
Streptococcus reference center in 1996. The discriminatory 
problems within the S. mitis group are not surprising, 
as the Rapid ID 32 Strep system includes only a few 
tests able to differentiate the species of this group. 
Inclusion of supplementary tests to examine for 
production of dextran and for fermentation of inulin 
would have contributed significantly to discrimination 
within the S. mitis group. This was not done in this 
study, as we chose only to include supplementary tests 
easily and rapidly performed in the clinical micro- 
biology laboratory. The detection of extracellular 
polysaccharide formation is not a rapid test and requires 
some experience to read correctly. Having said this, it 
must also be borne in mind that identification by 
conventional tests of the species in the S. mitis group is 
also problematic at  times. 
For the other frequently encountered group within 
the viridans streptococci, the S. anginosus group: 
(S. anginosus, S. constellatus and S. intermedius), there 
were fewer discriminatory problems, as more tests able 
to discriminate between these species are included in 
the system, as was also found by others [2,10,11,13]. 
The good agreement between visual and automatic 
readings found in this study might indicate that the 
acquisition of an automatic reader is not necessary. One 
should, however, remember that the persons perform- 
ing the visual readings were highly trained at the time 
of the testing due to the large number of strips being 
read over a short period of time. As the biochemical 
tests were not always easy to read, the skill in reading 
may decrease when it is done only infrequently in the 
routine laboratory. On the other hand, we found it of 
value to make a visual inspection of the strips after 
the automatic readings, as a few of the tested strains 
precipitated in the wells or produced unusual colors, 
giving false-positive automatic readings, which were 
easily detected by the eye. 
The major advantage of the Rapid ID 32 Strep 
system compared to conventional identification is the 
speed of identification, 24 h. In the routine clinical 
microbiology laboratory, the system can be used to 
obtain a fast preliminary identification of streptococcal 
isolates. For the viridans streptococci, one would, 
however, either have to accept a certain risk of 
misidentification, or subsequently have to send the 
isolate to a reference laboratory for final identification. 
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Another use of the system in the routine laboratory can 
be to biotype viridans streptococci in order to attempt 
to establish identity between separate isolates, e.g. from 
blood in patients suspected of having endocarditis. We 
found the mean risk of discrepancy for a single repeated 
biochemical test to be 1.1%. With this risk and 32 
independent tests on the strip, the expected number of 
discrepancies between two isolates of the same strain 
is zero in 70% of comparisons, one in 25%, two in 
4.3%, three in 0.5% and four or more in 0.04% of 
comparisons (binomial distribution). Based on this, as 
one would accept up to two discrepancies for separate 
isolates of the same strain but not three or more, the 
system can be expected to perform well in this regard. 
For a reference laboratory, the Rapid ID 32 Strep 
system is not suitable as the only means of identi- 
fication. It may, however, be useful if interpreted 
carefully and supplemented with a number of other 
appropriate tests. These include serologic reactions, 
certain conventional tests (e.g. production of extra- 
cellular polysaccharides), and, increasingly, newer DNA 
methods. 
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